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Resistance (RT) and endurance training (ET) prescribed by a rehabilitation centre and
carried out under the supervision of primary care physiotherapists after the completion of
4 weeks of multidisciplinary in-patient pulmonary rehabilitation (IPR) were compared
regarding capacity to induce further health effects.
After IPR, 40 chronic obstructive pulmonary disease (COPD) patients were allocated to RT
or ET twice weekly for 12 weeks. Primary outcome variables were walking capacity
(treadmill endurance time, TET; 6-min walking distance, 6MWD), functional status (Glittre
ADL-test; Hyrim Physical Activity Questionnaire) and health-related quality of life (HRQOL)
(St. George’s Respiratory Questionnaire, SGRQ). Body functions variables were included
as secondary outcome measures. HRQOL and physical activity were reinvestigated after
1 year.
Median attendance rates were not different between RT (21, interquartile range [17;23])
and ET (22 [18;24]). Both groups improved in TET (RT 7.7min 95% CI {3.6;12}, ET 5.7min
{1.7;9.8}). 6MWD increased significantly after ET (46m {20;72}). Functional status was
unchanged. SGRQ tended to further improve after RT (3.2{7.4;1.2}), while ET
maintained the improvement gained during IPR. Body functions measures changed
according to training modality. After 1 year, a majority of patients in both groups were
exercising regularly, but SGRQ was significantly better than pre-IPR only in the RT group
(7.9{14.3;1.5}).
We conclude that supervised RT or ET twice weekly sustains and improves the effects of
IPR. With no large differences detected between the two training modalities, the choice ofElsevier Ltd. All rights reserved.
ress: Sunnaas Hospital, 1450 Nesoddtangen, Norway. Tel.: +47 66969000; fax: +47 66969239.
oadpark.no (S. Skumlien), ellen.aure.skogedal@sabhf.no (E. Aure Skogedal),
ystein.bjortuft@rikshospitalet.no (O. Bjørtuft).
Hospital, Sognepr, Munthe-Kaas v 100, 1346 Gjettum, Norway.
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Primary care physical training 423training may be guided by individual needs, patient preferences and the availability of
equipment.
& 2007 Elsevier Ltd. All rights reserved.Introduction
Pulmonary rehabilitation (PR) improves impairment and
disability in patients with chronic obstructive pulmonary
disease (COPD).1 Physical training contributes greatly to
these effects of PR,2,3 and training alone generates
significant gains both in physiologic measures and in
health-related quality of life (HRQOL).4 The improvements
achieved by training will, however, fade in the absence of
physical activity. PR for COPD patients is therefore aimed
at creating permanent changes in behaviour towards
increased physical activity also when patients have left
the rehabilitation centre.3 However, some form of super-
vision after PR seems necessary if the improvements in
body functions are to be sustained. Ries et al. found that
weekly telephone calls and monthly reinforcement sessions
at the hospital were not enough to prevent exercise
tolerance and HRQOL from declining during the year
after PR, even though the situation was even worse for
the patients without such follow-up.5 Self-monitored en-
durance training (ET) with weekly visits to the rehabilitation
centre also failed to produce physiological changes,
although submaximal endurance time and HRQOL im-
proved.6 Cambach et al. found that training supervised
by community physiotherapists resulted in increased ex-
ercise tolerance and HRQOL.7 A planned transfer of care
from a specialist centre to physiotherapists in primary
care, by a prescription of exercises that the patients
have been familiarised with during PR, could facilitate a
stable change in lifestyle with regard to physical training.
The Norwegian social security system gives financial support
to individual training for COPD patients under the super-
vision of community physiotherapists for an unlimited period
of time. A model of primary care intermediate phase of
PR for COPD patients has not, to our knowledge, yet been
studied.
We have very limited knowledge on training regimens for
COPD patients in a primary care setting. Several studies
have compared out-patient resistance (RT) and endurance
training (ET) in specialist centres, and the two training
modalities were found to create different physiological
responses, but similar improvements in HRQOL.4,8 RT of
single muscle groups may be better tolerated than whole
body ET, possibly resulting in better compliance over time.
To our knowledge, there are no reports about long-term
effects on HRQOL from RT in COPD patients.
The aim of our study was to compare a RT and an ET
programme prescribed after 4 weeks of PR, and carried out
for 12 weeks under the supervision of primary care
physiotherapists in the patient’s home county:1. with regard to adherence to therapy and the ability to
further improve walking capacity, HRQOL and functional
status;2. in terms of differences in HRQOL and in participation in
physical activity 1 year after the intervention.
Material and methods
Subjects
Forty-one consecutive patients with COPD,1 22 men and 19
women, aged 45–75 years, participating in 4-week multi-
disciplinary in-patient pulmonary rehabilitation (IPR) were
asked to participate in the study. Exclusion criteria were:
already participating in physical training twice a week or
more the last year before admittance to IPR, exercise
limiting cardiovascular or musculoskeletal disease. Patients
on long-term oxygen therapy (LTOT) were not included
because their oxygen treatment is frequently changed
during IPR, and because supplementary oxygen could
influence the amount of training tolerated. Current smokers
were left out because a great proportion quit smoking during
IPR. One woman declined participation. All patients gave
written, informed consent, and the study was approved by
the Regional committee for medical ethics.Design
This was a prospective, parallel group study, following
‘‘intention-to-treat’’ principles. Participants were tested at
start and finish of 4 weeks of multidisciplinary IPR, and the
results have previously been reported.9 IPR consisted of
three to four educational or exercise group sessions all
weekdays in addition to individualised upper and lower
extremity RT as well as ET.
Upon inclusion, patients were stratified for gender and
allocated alternately to individual ET or RT supervised by
physiotherapist in primary care practices in their home
county for a period of 12 weeks after IPR. They returned to
the clinic after these 12 weeks for the third assessment. We
chose to stratify for gender because differences for men and
women in exercise training responses may be present.10,11
As we suspected that the time of year could influence
transportation difficulties and also the amount of outdoor
activities, alternate allocation was applied to ensure that an
equal number of participants were included in both groups
for all seasons. After the third assessment, patients were
encouraged to continue training. Questions about their
current health and training status were mailed each patient
together with the St. George’s Respiratory questionnaire
(SGRQ) after 1 year. Our primary outcomes were measure-
ments in the Activities and Participation component of the
World Health Organization’s International Classification of
Functioning, Disability and Health (ICF).12 Variables in the
ICF Body functions and structures were included as
secondary outcome measures to be able to evaluate
physiological responses to each intervention.
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Pulmonary function and body mass index were measured as
described previously.9
Exercise capacity
Depending on 6-min walking distance (6MWD) and the
exercise tolerance reported by each patient, the incre-
mental treadmill test started at 1.2 or 3.6 km/h. Work rate
(WR) was intensified every 2min by increase in speed up to
5.4 km/h, thereafter by increasing the slope. Ventilation
(V
0
E), tidal volume (VT), breathing frequency (BF), oxygen
uptake (V
0
O2
) and carbon dioxide output (V
0
CO2
) were
recorded (Oxycon Pro). Inspiratory capacity (IC) was
measured at rest and every 2min during incremental
treadmill testing as described by O’Donnell and Webb.13
Patients were monitored with 12-lead EKG (Megacart,
Siemens-Elema AB, Solna, Sweden). Heart rate (HR) and
oxygen saturation (SpO2, Nonin PalmSAT Model 2500) were
recorded at the end of each increment and upon test
termination. Values were also compared before and after
the 12-week period at iso-WR set at 70% of the initial
WRpeak.
Peripheral muscle force
Maximal voluntary contraction was measured as the best of
three 10 s isometric contractions against a dynamometer for
knee extension (MVCke) and elbow flexion (MVCef). Bilateral
15 repetitions maximum tests (15RM) were performed for
five muscle groups: elbow flexors (15RMef), latissimus dorsi/
triceps brachiae (15RMlt), knee extensors (15RMke), triceps
surae (15RMts), and abdominal muscles (15Rmab). Details
about the muscle strength measurements have been
described previously.9
Activities and participation
Walking capacity
6-min walking tests (6MWT) were carried out as described by
Guyatt et al.14 Treadmill endurance time (TET) was
measured at 70% of the WRpeak obtained during the initial
incremental test. The test was terminated if TET exceeded
30min because we expected motivation to be the main
factor influencing TET beyond this point.
Health-related quality of life
HRQOL was assessed by the SGRQtot with its three
subcomponents symptoms (SGRQsym), activity (SGRQact)
and impact (SGRQimp).
15 The minimal clinically important
difference (MCID) for changes in HRQOL is 4 units.
Questionnaires with X10 missing items were discarded.
Functional status
The level of activity at home (functional performance) was
evaluated by the Hyrim Physical Activity Questionnaire
(HPAQ),16 an interviewer administered questionnaire where
time expenditure and intensity of most everyday activities
are registered.
Functional capacity for ADL was estimated by the Glittre
ADL-test.17 This timed practical test consists of walking
stairs, carrying, lifting objects, bending down and risingfrom a seated position, all activities that are troublesome
for COPD patients.
Dyspnoea
Dyspnoea was measured on the Borg CR10 scale18 before
start and at the end of 6MWT, Glittre ADL-test, incremental
and constant load treadmill tests, and for the two latter also
at 2-min intervals during the test.
Prescription of training in primary care
A physiotherapist in the patient’s home community was
contacted by the study physiotherapist (EAS), and received
oral and written information about the study. They were
free to contact EAS at any time during the 12-week training
period.
Twenty-four training sessions were scheduled for the 12
weeks. Training intensity and duration for both groups were
prescribed by the rehabilitation clinic following a predeter-
mined model for testing and training duration and intensity.
The RT programme contained two sets of 12 repetitions at
the 15RM load for the five dynamic strengthening exercises
described above as determined upon completing IPR. Warm-
up consisted of 5min at treadmill or ergometer-cycle at
intensities corresponding to Borg score 2–3 for dyspnoea,
and 12 repetitions at 50% of the training workload for the
five muscle groups. Every 3 weeks the workload was
increased with 0.5–1 kg (elbow flexors, abdominal muscles)
5 kg (latissimus, triceps surae) or 10 kg (knee extensors). If
patients were unable to increase the load, the number of
series was instead increased to three if possible.
The treadmill ET programme consisted of warm-up, main
part and cool-down. The 10-min warm-up and the 5-min
cool-down were set at an intensity corresponding to Borg
score 2–4 for dyspnoea. The main part was performed at 70%
of WRpeak, with 30min as target training time. Exercise was
split into intervals if the patient was unable to sustain this
intensity for the whole period. Continuous time at 70%
WRpeak was increased every 3 weeks until the full 30min
were achieved, and then speed was increased by 0.6 km/t
until 5.4 km/t and further with 2% increments in slope.
If the patients experienced exacerbations, they were
asked to resume training as soon as possible, and adjust
training intensity if necessary. Patients in both groups were
encouraged to go for outdoor walks.
Statistical analyses
The software SPSS version 12.0 was used for all statistical
analyses. Cross-sectional measurements are presented as
mean (SD) or median [25th; 75th percentiles] depending on
distribution. Changes after training in primary care are
presented as mean {95% confidence interval}. Paired
samples t-tests were used to compare measurements before
and after the 12 weeks of training. Comparisons between
the two groups were done by independent samples t-test,
Mann–Whitney U-test or Pearson Chi-square as appropriate.
The variability in SGRQ scores in the ET group was
particularly large, with four individuals at a score of 30 or
lower pre-IPR. Therefore, to control or any effect of pre-PR
HRQOL on the change in HRQOL after 12 weeks and 1 year,
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Table 1 Baseline characteristics after 4 weeks of inpatient rehabilitation.
Resistance training group Endurance training group p-value
Mean SD Mean SD
Age, years 62 (7) 63 (9) 0.78
Gender, male/female, No 11/9 11/9
Body functions and structures
Body mass index, kg/m2 23 (9) 26 (8) 0.38
FVC, L 2.80 (0.91) 2.76 (0.88) 0.89
FVC, % of predicted 81 (17) 78 (13) 0.52
FEV1, L 1.35 (0.63) 1.42 (0.50) 0.69
FEV1, % of predicted 48 (17) 50 (13) 0.61
SpO2, % 95 [93,96] 95 [90,96] 0.87
WRpeak, W 52 [33,163] 93 [45,153] 0.42
VEpeak, L/min 42 (14) 47 (19) 0.37
VEpeak/MVV, % 95 (16) 96 (19) 0.91
V
0
O2peak
, mL/min 1377 (554) 1554 (656) 0.38
HRpeak, min
1 130 (16) 131 (18) 0.75
IC at 70% WRpeak, L 1.51 (0.51) 1.51 (0.49) 1.0
MVC knee extensors, kg 206 (86) 198 (52) 0.75
MVC elbow flexors, kg 23 (9.6) 26 (8.7) 0.43
15RM knee extensors, kg 102 (41) 112 (30) 0.41
15RM triceps surae, kg 25 (15) 27 (13) 0.52
15RM elbow flexors, kg 5.2 (2.0) 6.1 (1.6) 0.11
15RM lat. dorsi/triceps brachiae, kg 14 (4.7) 16 (3.8) 0.31
15RM abdominal muscles, kg 2.6 (2.0) 2.7 (2.0) 0.87
Activities and participation
6MWD, m 466 (99) 468 (137) 0.96
SpO2min, % 87 (5) 88 (4) 0.61
Borg score 6 (2.5) 6 (2.3) 0.61
ADL-time, min 4.0 [3.0,5.4] 4.0 [3.1,5.0] 0.69
TET, min 18 (9.9) 18 (9.2) 0.95
SGRQ total 55 (12) 47 (18) 0.11
SGRQ symptom 39 (19) 39 (32) 0.99
SGRQ activity 74 (15) 64 (25) 0.15
SGRQ impact 50 (16) 40 (17) 0.09
HPAQ score 10649 (2842) 11025 (2170) 0.64
Except for gender distribution, data are presented as mean (SD) with p-values of independent samples t-test, or median [25th, 75th
quartiles] with p-values of Mann–Whitney U-test.
FVC: forced expiratory capacity; FEV1: forced expiratory volume 1 s; SpO2: oxygen saturation measured by pulse oximetry during rest.
Values obtained during incremental treadmill testing: WRpeak: peak work rate; VEpeak: peak ventilation; VEpeak/MVV: ventilation at peak
exercise in proportion to maximal voluntary ventilation calculated as 35 FEV1; V
0
O2peak
: peak oxygen uptake; HRpeak: peak heart rate;
IC at 70% WRpeak: inspiratory capacity at 70% of peak work rate. Muscle strength: MVC: maximal voluntary contraction for knee
extensors and elbow flexors; 15RM: 15 repetitions maximum for the five muscle groups listed. Activities and participation: 6MWD: 6-
minute walking distance; SpO2min: minimum oxygen saturation measured by pulse oximetry during 6-min walking test; ADL-time: time
to complete Glittre ADL-test; TET: treadmill endurance time; SGRQ: St. George’s Respiratory Questionnaire; HPAQ: HYRIM Physical
Activity Questionnaire.
Primary care physical training 425logistic regression analyses were performed with MCID of 4
points in SGRQ score as dependent variable and pre-IPR
SGRQ score and group as explanatory variables. The level of
significance was set at po0.05.Results
The characteristics of the participants in each group are
given in Table 1. Of the 42 patients found eligible for thestudy, 2 patients were excluded before they could start the
primary care training: 1 woman because of newly diagnosed
epilepsy, and 1 man because previously undiscovered
coronary heart disease was diagnosed. Due to the nature
of these conditions, these patients could not be tested again
within reasonable time.
Twenty-four training sessions were scheduled during the
12 weeks. Median [25th; 75th percentiles] number of
sessions performed was not significantly different between
the RT (21 [17;23]) and the ET (22 [18;24]) group, p ¼ 0.49.
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Table 2 Changes in respiratory functions and endur-
ance parameters after 12 weeks of primary care training.
Resistance training Endurance training
Mean {95% CI} Mean {95% CI}
Pulmonary function
FVC, % 2.2 {8.8;4.3} 2.2 {1.9;6.3}
FEV1, % 1.7 {6.4;3.0} 1.2 {2.4;4.8}
Values at peak exercise
V
0
Epeak,
L/min
1.3 {1.4;4.0} 0.5 {2.4;3.4}
V
0
O2peak
,
mL/min
34 {65;132} 51 {24;127}
HRpeak,
min1
2 {5;10} 4y {0;7}
WRpeak,
W
1 {5;8} 14y {6;22}
Values at 70% of peak WR
V
0
E70, L/
min
0.4 {3.6;2.5} 0.5 {1.3;2.3}
V
0
O2;70
,
mL/min
74 {161;13} 6 {61;73}
V
0
CO2;70
,
mL/min
55 {138;27} 8 {54;70}
IC70, L 0.04 {0.31;0.23} 0.02 {0.20;0.17}
HR70,
min1
2 {6;2} 1 {4;6}
Borg70 0 {1;1} 0.3 {1;0.5}
Positive figures denotes increases from the start to end of 12
weeks of training.
FVC: forced vital capacity; FEV1: forced expiratory volume in
1 s; values obtained at peak exercise during incremental
treadmill test: V
0
Epeak: ventilation; V
0
O2peak
: oxygen uptake;
HRpeak: heart rate; WRpeak: work rate; Values obtained at iso-
WR during incremental treadmill test: V
0
E70: ventilation;
V
0
O2;70
: oxygen uptake; V
0
CO2;70
: carbon dioxide output; IC70:
inspiratory capacity; HR70: heart rate; Borg70; Borg score for
dyspnoea.
po0.05 independent samples t-test for differences
between the two groups in the changes registered after 12
weeks training.
ypo0.05 paired samples t-test for change within each
group after 12 weeks of training.
S. Skumlien et al.426Two patients in each group completed less than half the
scheduled sessions. Eleven patients in RT and nine in ET
experienced exacerbations without absence from training
for 2 weeks or more or need for hospitalisation. No adverse
events were reported.
The changes after 12 weeks of training are given in
Tables 2–4. There was no significant decrease in function for
any of the variables, except for elbow flexor strength in the
ET group (Table 3). The RT group experienced a significant
improvement in abdominal and upper extremity muscular
strength, also when compared to the ET group (Table 3). The
ET group attained a higher WRpeak, and this change wassignificantly different from the development in the RT group
(Table 2). After RT, there was a tendency towards a better
work efficiency (lower V
0
O2
and V
0
CO2
) at 70% WRpeak, (Table
2). Mean 6MWD increased in both groups, but the change
was significant only after ET. TET improved to about the
same extent after RT and ET.
At the 1-year follow-up, one individual in the RT group
was dead. The other 19 patients in the RT group and 17 of
the patients in the ET group responded. As many as 68% (RT)
and 82% (ET) stated that they were still doing regular
physical training. Among these, 77% in the RT group and 65%
in the ET group had been to their local physiotherapist for
physical training once or twice the past week. In addition,
RT patients had performed 3.1 (3.2) unsupervised training
sessions of at least 10min during the past week (mean (SD)).
The number of such sessions for ET patients was 5.0 (3.7).
63% in RT and 47% in ET had been outside for shorter walks
(to the mailbox, etc.) more than daily. No differences in
these variables at the 1-year follow-up were statistically
significant between groups.
While the patients in both groups had similar improve-
ments in SGRQ after 4 weeks of IPR, there was a tendency
for patients performing RT to continue this positive
development in HRQOL during the 12-week training period
(Figure 1). Independent samples t-test did not find this
difference statistically significant. Logistical regression
analysis, controlling for pre-IPR SGRQ, found that group
was not a significant predictor of a clinically significant
improvement in SGRQ after the 12 weeks (Exp(B) 0.285, 95%
CI {0.060;1.347}, p ¼ 0.113).
For the two groups combined, HRQOL after 1 year was
significantly improved compared to the situation before IPR
(SGRQ 4.8, 95% ci {9.5;0.03}, p ¼ 0.049). At group
level, the SGRQ score at 1 year was significantly different
from pre-IPR levels in the RT group (7.9, 95% CI
{14.3;1.5}, p ¼ 0.018), but not in the ET group (1.2,
95% ci {8.6;6.2}, p ¼ 0.730). This apparent difference
between the groups was not statistically significant
(p ¼ 0.154). Also, group was not a predictor of a minimum
4-point drop in SGRQ score (MCID) at 1 year (Exp(B) ¼ 0.97,
95% CI {0.229;4.611}, p ¼ 0.972) when pre-IPR SGRQ level
was controlled for with logistic regression analysis. When
asked to compare their current functional status to the time
prior to IPR, 53% in the RT group and 47% in the ET group
rated themselves as better; the rest as unchanged (32% and
18%) or worse.Discussion
This study shows that both RTand ET programs prescribed at
a specialist centre after the completion of IPR were
transferable to primary care training. Adherence to therapy
was equally good in both groups. The improved HRQOL and
functional status achieved during IPR seemed to level
out during primary care training, but walking capacity
improved significantly. After 1 year, most patients were still
in regular physical training, and the HRQOL was better than
before IPR.
The attendance rates were excellent in both groups. In a
study where patients were transferred to community group
training after out-patient rehabilitation, almost half the
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Table 3 Changes in muscular strength after 12 weeks of primary care training.
Resistance training Endurance training
Mean {95% CI} Mean {95% CI}
MVC knee extensors, kg 4.4 {8.0;16.7} 8.9 {5.3;23.1}
MVC elbow flexors, kg 1.2 {0.1;2.5} 0.1 {1.5;1.4}
15RM knee extensors, kg 12.0y {6.6;17.7} 6.7 {0.7;14.2}
15RM triceps surae, kg 6.7y {4.4;9.0} 5.8y {3.6;8.0}
15RM elbow flexors, kg 0.6y {0.3;0.9} 0.1 {0.4;0.2}
15RM lat. dorsi/triceps, kg 1.5y {0.4;2.6} 0.0 {1.1;1.1}
15RM abdominal muscles, kg 1.1y {0.5;1.7} 0.4 {0.1;0.9}
Positive figures denotes increases in strength.
MVC: maximal voluntary contraction; 15RM: 15 repetitions maximum.
po0.05 independent samples t-test for differences between the two groups in the changes registered after 12 weeks of training.
ypo0.05 paired samples t-test for changes within each group after 12 weeks of training.
Table 4 Changes in Activities and Participation after 12
weeks of primary care training.
Resistance training Endurance training
Mean 95% CI Mean 95% CI
6MWD, m 32 {3;66} 46 {20;72}
SpO2min, % 1.2 {0.2;2.6} 0.4 {2.8;2.0}
TET, min 7.7 {3.6;12} 5.7 {1.7;9.8}
SGRQtot 3.2 {7.4;1.2} 0.56 {5.8;4.7}
SGRQsym 5.3 {14;3.4} 1.6 {15;18}
SGRQact 0.3 {6.0;6.5} 3.4 {4.0;11}
SGRQimp 3.7 {8.3;0.98} 3.8 {12;4.1}
ADL-time, min 0.1 {0.6;0.5} 0.3 {0.6;0}
HPAQ score 60 {614;495} 241 {498;982}
Positive values denotes increases after 12 weeks.
6MWD: 6-min walking distance; SpO2min: minimum oxygen
saturation during 6-min walking test; TET: treadmill endur-
ance time; SGRQ: St. George’s Respiratory Questionnaire;
ADL-time: time to complete Glittre ADL-test; HPAQ: Hyrim
Physical Activity Questionnaire.
po0.05 paired samples t-test for changes within each
group after 12 weeks of training.
Figure 1 Change in SGRQ compared to start of in-patient
pulmonary rehabilitation. The change (x minus baseline) for
each group expressed as median and interquartile range.
Whiskers represent minimal and maximal values (outliers are
shown as J).
Primary care physical training 427patients dropped out during the community training.19
Others have also reported large dropout rates.4,20 The
individual follow-up by the primary care physiotherapists
may have contributed to the close adherence to treatment
among our patients. In the interpretation of the magnitude
of our results it is important to consider that we have
studied efficacy of treatment, which would be expected to
produce lower estimates of changes, but has the advantage
that the results indicate what could be expected in other
populations of patients fulfilling the inclusion criteria.
Our primary outcomes were changes in walking capacity,
HRQOL and functional status. TET measures for how long
time a person can continue walking at a moderate speed,
which probably is closer to the preferred pace duringeveryday activities than the 6-min walking speed. In
contrast to other studies, we found that TETwas prolonged
to the same degree for both groups after 12 weeks of
training (Table 4). Spruit et al. compared RT and ET and
found cycle endurance time to improve significantly only in
the ET group (ET 5.7min vs. RT 2.5min).4 Ortega et al.
registered an increase also after RT, but to a lesser extent
(ET 33.6min vs. RT 8.3min).8 Normandin et al. also found an
increase in TET (8.4min, po0.001) after ET similar to our
programme, while patients performing low intensity cal-
listhenics only tended to improve (2.7min, p ¼ 0.07).21 We
have no clear explanation for the larger increase in TET
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S. Skumlien et al.428among our RT patients compared to these other studies. It is
possible that higher intensity of the heel raises in our RT may
have contributed to a better walking performance. The
improved work economy at 70% WRpeak, as seen by a lower
V
0
O2
at iso-WR after RT (Table 2) suggests that the increased
lower extremity strength, not psychological factors, was
indeed the cause of the longer TET. WRpeak did not improve
after RT. A similar increase in TET without any change in
WRpeak has also been found by others.
22–24 As for 6MWD, our
findings again parallel those of Simpson, who found that
twice weekly RT increased sub-maximal endurance, but not
6MWD.22 Among our patients, 6MWD improved significantly
only after ET, but the trend was positive also with RT.
We have previously found a significant improvement in
HRQOL after 4 weeks of IPR among the subjects that were
included in the present study (Figure 1).9 During this period,
the only body functions variable that changed parallel to the
SGRQ total score was peak ventilation, and the changes in
muscle strength were not correlated to the change in SGRQ.
Any difference in SGRQ after RT and ET in primary care
would therefore be expected to be in favour of ET, since the
adherence rates were the same for the two groups.
However, we found that SGRQ seemed to improve in RT,
but not in ET. Also, only RT had maintained a better HRQOL
after 1 year, while ET had almost returned to their pre-IPR
level (Figure 1 and Table 4). These differences between the
groups were not statistically significant, and may have been
chance findings. We suspected that a lower pre-IPR HRQOL
among the patients later allocated to RT could have caused
this difference, but pre-IPR SGRQ could not predict a
clinically important improvement in HRQOL after 12 weeks
of training or at the 1-year follow-up. Other baseline
characteristics were also unable to predict this development
(data not shown). It is possible that the patients felt they
managed the RT better because they experienced less
dyspnoea during the exercises, and this confidence may have
been converted to a better self-efficacy for daily activities
leading to an improved SGRQ score, but we have no data in
support of such a notion. Others authors have found no
significant differences in the improvements in HRQOL when
RT and ET have been compared.4,8,21 However, like the
present study, these have included a moderate number of
patients. A meta-analysis of the same three studies found a
larger improvement in HRQOL for RT.25 It is thus possible
that RT is in fact a better way to improve and maintain
HRQOL.
Functional status did not change significantly during the
12 weeks of training, although the improvement in ADL-time
was close to statistical significance for the ET group. It is
possible that a ceiling effect for this variable appeared after
the 4 weeks of IPR, during which there was a significant
change (0.89min 95% CI {0.48;1.30}).17 The lack of
significant change in HPAQ scores may be caused by lack of
sufficient responsiveness for this group of patients. Activity
monitors would have been a better choice for an estimation
of activity level. There is also the possibility that patients
left other activities to make room for physical training.
To improve physical function, a training frequency per
week of 3–5 is recommended for ET.26 However, scheduled
training twice a week may be considered an upper limit of
the attainable over time in this traditionally sedentary
group of individuals, and is also a common trainingfrequency offered COPD patients by PR programs.27,28 Some
previous studies of aerobic exercise training less than three
times weekly for COPD patients have shown improved
exercise capacity,20,21,27 whereas others have not.29 In our
ET group, V
0
O2peak
did not increase, but WRpeak, TET and
triceps surae strength improved and there were no signs of a
decline in endurance. Although biceps strength tended to
decline, the ADL-test, which includes multiple lifting of
weights, showed a positive development. Consequently,
ET at the chosen level was adequate to at least maintain
the improvement in physiological functions gained during
IPR. Also, a similar level of physical activity has been
associated with a reduced risk of hospitalisation and
respiratory death of at least 30% in a population based
cohort study.30
The increased muscle strength after RT is in line with the
effects found for patients with mild COPD after RTwith the
same frequency and similar intensities.31 For the RT group,
there were no signs of a decline in endurance parameters
(Table 2), which might have been expected after patients
left the multimodal training programme of IPR. Circuit
weight training improves endurance in healthy individuals.26
One-legged knee extensions required a ventilation of 80% of
VEpeak for COPD patients with a FEV1 of 40% of predicted.
32 It
is conceivable that multiple repetition weight lifting
generate ventilatory responses that approximate the effects
of ET, at least for the patients with the lowest FEV1.
A shortcoming of this study is that it did not evaluate
exercise capacity and muscle strength after 1 year. Also, the
limited number of subjects represents a risk of not finding a
true difference in response between the two training
modalities. However, several studies now provide evidence
for positive effects on functioning and HRQOL from both RT
and ET. In the future, larger studies where the functional
limitations of patients are specifically targeted during PR
will hopefully answer the question about which form of
training is most suitable for which group of patients. Patient
preferences when it comes to training site and mode are
probably of great importance to adherence, and we regret
not having asked about this in our study.
Our study shows that primary care exercise training for 12
weeks after the completion of multidisciplinary IPR was
practicable, with excellent adherence rates. Both RT and ET
resulted in a better walking capacity, and the gains in
HRQOL and functional status from IPR were maintained. The
groups were equally active with respect to supervised and
unsupervised physical training 1 year after the intervention.
We conclude that supervised RT or ET twice weekly sustains
and improves the effects of multidisciplinary IPR. With no
large differences detected between the effects of the two
training modalities, the choice between RT or ET, or a
combination, may be guided by individual needs, patient
preferences and the availability of equipment.Conflict of interest
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